, which is coloured yellow by carotenoid pigments, and its practice of feeding on faeces. Here we show that Egyptian vultures obtain these pigments from the excrement of ungulates. To our knowledge, this is the first demonstration that faeces can be used as a source of carotenoids by a vertebrate.
Coprophagy is uncommon in birds, apart from the consumption of nestlings' faeces by parents in songbird species 2 . The consumption of faeces is likely to be dangerous because they frequently contain high levels of parasites 3 . In addition, excrement is a poor source of the principal macronutrients (containing less than 5% protein and under 0.5% fat, according to our analyses). However, the faeces of ungulates contain large amounts of intact carotenoids (see below), which have a pigmentary function 4 and are also considered to be valuable micronutrients for vertebrates because of their antioxidant and immunostimulant properties 5 . Vertebrates are unable to synthesize essential carotenoids and must therefore obtain them by dietary means 4 . Rotten flesh and bones, the typical diet of vultures, are poor sources of carotenoids. N. percnopterus may obtain these pigments from egg yolks or from insects, such as grasshoppers 1 . The excrement of ungulates, however, is the most readily available and reliable source of carotenoids in areas covered by N. percnopterus. These vultures are often seen pecking at cow dung and eating the droppings of goats and sheep.
We used high-performance liquid chromatography 6 to analyse the carotenoid content of ungulate faeces and to identify the carotenoids that are transported in the plasma and deposited in the yellow facial skin of N. percnopterus (Fig. 1) . A single peak for lutein (which co-eluted with small quantities of zeaxanthin) was observed in all samples, accounting for over 95% of the total main carotenoid content. Lutein concentration in vulture skin (sampled from a freshly dead adult bird found in the wild) was 98 Ȗg g
ǁ1
, and a mean concentration of 6. in goat droppings (two samples were analysed from each species of ungulate). Additional evidence, albeit indirect, to support our idea that Egyptian vultures obtain carotenoids from faeces is provided by the fact that higher plasma carotenoid concentrations were evident in individual birds from areas with greener pastures, where free-grazing cattle are more abundant (Fig. 2a) .
We confirmed that N. percnopterus obtains carotenoids from cow dung by conducting a food trial on four adult birds at Jerez Zoo, Spain. These birds had been fed a cow-meat diet for several months and only had traces of lutein (less than 1 Ȗg ml ǁ1 ) in their plasma when the trial began. They were fed exclusively on an unlimited diet of fresh cow dung for 10 days, of which they consumed about 1.3 kg in total. All four birds showed significantly higher plasma lutein levels at the end of this trial than at the beginning (Fig. 2b) .
The cow dung used in the food trial contained 4% semi-decomposed protein (determined using the Kjeldahl method 7 ) and 0.38% fat (determined using the Soxhlet method 7 ), and is therefore a poor source of major nutrients. However, the high concentrations of carotenoids in cow dung mean that the adoption of a coprophagous habit by N. percnopterus ensures the intake of an excess of dietary carotenoids, well above the levels needed for healthy physiological function.
This excessive consumption of pigment suggests a possible evolutionary mechanism for the development of carotenoiddependent ornaments in N. percnopterus. Surplus carotenoids would diffuse passively to the skin 8 and the resulting yellow coloration could have become a useful signal in mating displays 9 , for advertising dominant status 10 , or both. For the signal to be reliable, however, it must be associated with costs that can only be met by high-quality individuals 11 . One potential cost of eating excrement is that it may expose the consumer to gastrointestinal parasites 3 ; another is the time and effort involved in searching for food with negligible nutritional content. molluscs (in order of abundance), and I found that among the most numerous were animals with cosmopolitan distributions. The successful natural dispersal of species with longer-lived planktonic larvae, such as the bryozoan Membranipora, is unsurprising, but most of the other colonizing animals, such as the hydroid Halecium, have brooded or brief-duration larvae and no obvious means of dispersal. Oceanic debris therefore offers a major opportunity for dispersal of such species.
Another opportunity for invasion of new habitats by alien organisms is presented by their adherence to ships' hulls. Compared with boats, however, man-made debris is longer lasting, more pervasive and travels more slowly, factors that could favour the survival of colonists.
brief communications organism propagules. But there has recently been an explosive increase in anthropogenic debris as a result of massive amounts of plastic entering the oceans -for example, the amount of debris doubled from 1994 to 1998 around the coastline of the United Kingdom 6 , and in parts of the Southern Ocean it increased 100-fold during the early 1990s 7 . I examined about 200 items of debris washed ashore on each of 30 islands (Fig. 1 ), which were scattered over a geographical range extending from Spitsbergen in the Arctic to Signy Island in the Antarctic. I found that 20-80% of this debris was anthropogenic (man-made) in origin (Fig. 2a) , of which the highest proportion was in the Southern Ocean (as land there has no forests, there is scarcely any local natural debris). There was generally less anthropogenic debris at low latitudes in the Southern Hemisphere than at equivalent northern latitudes, presumably because there are fewer people there and more ocean.
Many types of animal use marine debris as a mobile home, particularly bryozoans, barnacles, polychaete worms, hydroids and
Biodiversity
Invasions by marine life on plastic debris C olonization by alien species poses one of the greatest threats to global biodiversity 1 . Here I investigate the colonization by marine organisms of drift debris deposited on the shores of 30 remote islands from the Arctic to the Antarctic (across all oceans) and find that human litter more than doubles the rafting opportunities for biota, particularly at high latitudes. Although the poles may be protected from invasion by freezing sea surface temperatures, these may be under threat as the fastest-warming areas anywhere 2 are at these latitudes.
Like humans, marine organisms are now experiencing unparalleled availability, distribution and duration of transport. Floating debris is the most common seagoing transport system [3] [4] [5] and is responsible for the widespread distribution of many marine animals that use it to hitch a ride. Natural debris such as volcanic rock, or pumice, and wood have always carried 
